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Preliminary data were presented in poster format at the annual meeting of the Pediatric Academic Societies; May 5, 2009 ; Baltimore, MD. Surveillance of child maltreatment in the United States has been addressed by multiple researchers and data sources, resulting in inconsistent and at times contradictory findings. The National Child Abuse and Neglect Data System (NCANDS), a federal repository of child welfare data in the United States, has reported a continuing decline in overall child maltreatment since the early 1990s among children aged 0 to 18 years and among young children aged 0 to 3 years. 1 This decline has been driven by falling rates of substantiated physical and sexual abuse cases. 2 Other studies using national data to evaluate the incidence of physical abuse over time have shown both a decline from 1993 to 2006 3 as well as an increase from 1997 to 2009. 4 Berger found a significant increase in incidence of abusive head trauma in a multicenter analysis from 2004 to 2009 among children younger than 5 years. 5 Parks and colleagues, using mortality reports from death certificates between 2003 and 2007, reported decreasing rates of death due to accidental head injury among children aged #5 years but constant rates of death due to abusive head trauma. 6 NCANDS reports death rates due to maltreatment among children aged #3 years of 7.4 per 100 000 in 2002 with an identical rate in 2010. 1 In comparison, data compiled by the Centers for Disease Control and Prevention from National Center for Health Statistics mortality reports show a decline in homicide death rates per 100 000 children aged #3 from 4.2 in 2002 to 3.8 in 2009. 7 Similarly, this data set reports a decline in intentional nonfatal injuries among children aged #3 from 194 per 100 000 in 2001 to 130 per 100 000 in 2009. 7 Health professionals are recognized as being in an important position to document evidence of child abuse. [8] [9] [10] In the absence of population-based linked databases, hospital morbidity data could provide an efficient, nationally standardized source of information on child abuse. 4, 8 Hospitals use a standard system to describe diagnoses related to medical care that is required by insurers. Standardized hospital discharge data represent an attractive surveillance mechanism for abuse serious enough to require inpatient medical attention. 4, 11 Appreciating the value of multiple sources of data in evaluating trends, this study uses nationally representative hospital discharge data from the Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS) to examine trends in the hospitalization of young children for injury from abuse between the years of 1997 and 2009. We test the hypothesis that trends in injury from abuse serious enough to require hospitalization have decreased over time.
To account for possible trends in thresholds for the hospitalization of injured children, we also determine trends over time in the mean injury severity score (ISS) for identified cases.
METHODS
Data for this study came from a large nationally representative hospital discharge database created by the Agency for Healthcare Research and Quality for the HCUP-NIS. NIS is the largest, longitudinal, all-payer, inpatient care database in the United States, with an average of 8 million hospitalizations from ∼1000 hospitals each year. The HCUP-NIS approximates a 20% stratified random sample of all short-term US community hospitals. The HCUP-NIS was selected for this study over the HCUP Kids' Inpatient Database (KID). Although the KID includes a larger sample of children aged 0 to 19 years, it is compiled every third year compared with the NIS, which is available yearly. The HCUP-NIS also includes sufficient unweighted numbers of hospitalizations of children aged 0 through 3, ∼280 000 each year, to allow stable estimates of hospitalization rates.
The HCUP-NIS includes both patientlevel data, such as demographic characteristics (eg, age and gender), admission type, admission source, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and procedural codes, insurance status, total hospital charges, length of stay, and discharge disposition, and hospital-level information such as hospital ownership, number of beds, urban/rural location, geographic region, and teaching status. The Agency for Healthcare Research and Quality has developed appropriately scaled discharge weights to generate national estimates of hospitalizations from the HCUP-NIS. By using these weights to address the complex sampling design of the HCUP-NIS, national estimates of hospitalizations and hospitalization rates are comparable across years, despite the varying numbers of states participating in each year of the HCUP project. Following Leventhal' s strategy of combining ICD-9-CM diagnoses codes for abuse with E-codes for assault to identify cases of specific injuries such as fractures and head injury related to abuse, 12, 13 we used a similar strategy but expanded to identify children aged 0 through 3 years who were hospitalized with an ICD-9-CM diagnoses code for any child maltreatment (995.50-995.59) or an E-code for assault (E960-E969) and defined these cases as hospitalized for injury from abuse. We then excluded children with an ICD-9-CM diagnoses code for sexual abuse (995.53), emotional abuse (995.51), and neglect (995.52) and E-code for rape (E960.1) due to infrequency of these diagnoses resulting in admission within the age group of the study. To reduce the possibility of double counting, hospitalizations of patients who were discharged to another short-term care facility were not included in the analysis. 14 Infants ,1 day old were also excluded because these cases were predominantly normal newborns. National weighted estimates of all hospitalized children aged 0 to 3 years with any ICD-9-CM diagnosis code for maltreatment (995.50-995.59) or an E-code (E960-E967.9) for assault were calculated excluding sexual abuse, emotional abuse, and neglect. These estimates served as numerators for rate calculations.
When calculating rates of injury from abuse across age, gender, and region of the country, denominators were derived from US census data. 15 Rates of injury across age, gender, and region were thus calculated per 10 000 children aged 0 to 3 in the US population.
Census data do not exist for race as collected by the HCUP-NIS, insurance status, or income. Thus, when calculating relative frequency of injury from abuse within race, income, and insurance status categories, total number of hospitalizations for all children aged 0 to 3 was used as the denominator. Rates across racial/ethnic groups, income groups, and insurance categories were calculated per 100 hospitalizations and expressed as the percent of all hospitalizations for a given category of child that were due to injury from abuse.
A logistic regression model was developed to assess the odds of admission for injury from abuse versus any other admission associated with race/ethnicity, insurance status, and income. Odds ratios were adjusted for all other variables in the model. The complex sampling design of each year of the NIS was used to calculate SEs.
Trends in the rates of hospitalizations were calculated for the study period.
A test for a linear trend using the b coefficient for the year of hospital discharge was used to test the 13-year trend in the incidence rate of injury from abuse. All statistical analyses were performed with the appropriately weighted, stratified sample design, by using Stata statistical software (Stata Corp, College Station, TX).
ICDMAP90 software was used to calculate an ISS (an anatomic scoring system) for all identified cases of abusive injury. 16, 17 This software uses clinically derived algorithms to assign an abbreviated severity score to each of 6 major body regions based on ICD-9-CM diagnosis codes and the age of the individual. Abbreviated injury severity scores (AIS) vary from a low of 1 to high of 6, the latter indicating a nonsurvivable injury. The 3 highest AISs for a given child are then squared and summed to arrive at an overall ISS for that child. A test for trend using b coefficient for the year of hospital discharge was used to test significant change in ISS over the study period.
RESULTS
An unweighted total of 10 100 and weighted total of 49 144 children aged 0 through 3 years were identified as being hospitalized for an injury from abuse during the study period 1997 through 2009. Of the weighted number, 65% were aged ,1 year, 72% were publically insured, and 40% were from low-income families (Table 1 ). An E-code for assault alone (no 995 series code assigned) uniquely identified approximately a third of the cases of children hospitalized for injury from abuse. This proportion remained consistent across study years.
Incidence of hospitalization for abuse per 10 000 children 0 through 3 in the US population is shown in Table 2 and by age, gender, and region of the country. Over the study period, 2.36 children per 10 000 in the US population were hospitalized for injury from abuse. A higher incidence of hospitalization for injury from abuse was observed for those ,1 year of age Compared with children in the South with an incidence of 2.47 per 10 000, children from the Midwest had a higher incidence (2.65) and children from the Northeast (2.11) and the West (2.08) had lower incidence for injury from abuse.
The percentage of all hospitalizations that were for injury from abuse is shown in Table 3 Among children with an injury from abuse, infants ,1 year of age had a higher mean ISS (mean 11.97 6 SD 0.14) compared with children 1 through 3 years of age (mean 8.56 6 SD 0.21, P , .001). As shown in Fig 2, the mean ISS increased significantly over the study years for abused children ,1 year of age (P , .001) and those 1 through 3 years of age (P , .001).
DISCUSSION
Approximately 3700 infants and young children are hospitalized for injury from abuse each year in the United States. Our findings showed no significant changes in the rate of admission for this problem over the 13 years of study. Consistent with other work, infants comprised the predominant proportion (65%) of young children who were admitted for injury from abuse. 18, 19 Also consistent with other findings, children who were black, had public insurance or no insurance, and those from lowerincome neighborhoods, when compared with white children, privately insured, and those from higher-income areas, were more likely to be admitted for injury from abuse than for other reasons for admission. 9, 18, 20, 21 The severity of injuries of hospitalized children increased slightly but significantly over the study period.
Much has been made of the decline in the overall rate of maltreatment among all children reported by the NCANDS registry. 2, 22 This decline has been specifically driven by falling rates of substantiated cases of physical and sexual abuse. 2 The NCANDS definition more closely aligned with injury from abuse serious enough to require hospitalization is deaths attributable to maltreatment. Rates based on this definition show no change over the period of this study for young children. 1 The Centers for Disease Control and Prevention reports of homicide deaths and intentional nonfatal injuries among children 0 through 3 years of age show modest recent declines. In contrast, rates of death due to abusive head trauma among young children remained constant from 2003 to 2007. 6 Leventhal has evaluated national hospital discharge data in the KID and showed an increase in the incidence of serious physical abuse in children from 1997 to 2009. 4 Biases inherent in child welfare reports, death investigations, and hospital coding systems suggest that no single surveillance mechanism may be adequate to monitor trends in child maltreatment. Child welfare reports may be influenced by state-level Causes of death certifications may differ by variety of practice among medical examiners, and some states still allow nonmedical county coroners to determine cause of death. Hospital discharge databases may be subject to coder variability and the ability of providers to recognize abuse, and they are limited to cases severe enough to warrant hospitalization. Examining trends in child abuse in diverse data sets may provide a more complete description of the problem than can be gained from a sole source.
Nationally standardized hospital discharge data offer an important opportunity to track injuries from abuse in young children. 4, 11, 19 Hospital discharge data has been used to describe trends in hospitalizations of infants with traumatic brain injury, 9 track deaths related to child abuse, 10 and establish the incidence of conditions resulting from intentional injury such as abdominal trauma 23 and fractures. 12 Hospital discharge data have been proposed for use in a system to monitor the incidence of inflicted traumatic brain injury over time 11 and to monitor trends in serious physical abuse as a means to evaluate effects of prevention programs. 4, 19 Hospital discharge databases using ICD-9 codes allow the use of E-codes for assault to better identify cases of inflicted injury and injury severity scoring to judge the seriousness of the child' s abuse. 12, 13, 24 Our study population was limited to children 0 through 3 years of age because this represents the age group most likely to require hospitalization for injury from abuse. 18, 19 Limiting the study population to the youngest age group also minimizes the potential confounder of an E-code for assault representing peer on peer violence in older age groups instead of injury perpetrated by a person responsible for the child' s care although serious injury can occur to young children by their siblings. The percentage of cases identified by E-code alone was stable during the study period, which is consistent with published data supporting relative stability of E-coding since 1997. 25, 26 The ISS has been used in studies of both abusive and accidental pediatric injury 24, 27, 28 but has had limited usage in studies of trends in injury from child abuse. The authors chose to study ISS in this population to possibly explain trends in thresholds for the hospitalization as well as examine whether the severity of injuries from abuse may be increasing. Our results show mean ISS scores among children injured by maltreatment who were ,1 year of age of ∼12 and among children 1 to 3 of ∼8. A score of 12 is comparable to a patient with a femur fracture (AIS = 3) and a mild or moderate traumatic brain injury (AIS = 2). An ISS 8 patient could have 2 AIS = 2 injuries in separate body regions (such as a mild or moderate traumatic brain injury and minor contusion of the liver), along with an AIS = 1 injury (superficial cut/scrape/ contusion). The higher mean ISS in the youngest age group was not unexpected because this age group will encompass a majority of the children admitted with abusive head trauma that often have poor outcomes. 29 Of particular interest was the increase in the ISS over the study period, which may be traced to several sources. First, the proportion of children covered by public or no insurance has increased over time, perhaps suggesting greater economic strains and stress on social support services for families in need. These factors may influence the types and severity of injuries among young children. 5, 21, 28 Second, adherence to published recommendations may be leading to identification of additional occult injuries. 30, 31 Third, the threshold for admitting an injured child into the hospital may have risen over time due to forces in play by insurers to limit inpatient care by definitions of medical necessity. Finally, prehospital care may have improved during the study period leading to fewer children dying before being hospitalized.
Use of information in health care databases has the advantage of providing a large nationally representative patient sample. The HCUP-NIS was chosen for this project due to the ability to examine patient-level data on a yearly basis. As with any study relying on data collected for billing purposes, casespecific data were not readily available for additional examination of the disparities found in this study of higher hospitalization rates for injury from abuse for patientswho were black and/or publically insured, which is consistent with previously published results. 13, 18, 20, 21 Even though we chose definitions for identification of abuse cases that had been used in previous resources, 12, 13, 32 and the cases identified by E-code remained stable during our study period, the data set is limited overall by the accuracy of the documentation and coding practices at the institutional level.
With those cautions, we believe the results represent an estimation of incidence of injuries from abuse severe enough to require hospitalization.
CONCLUSIONS
There was no significant change in hospitalization rates for young children injured from abuse found during 1997-2009. Injury severity increased during the study period and the youngest children had the highest mean ISSs.
Despite the limitations inherent to working with hospital discharge coding data, information concerning trends of injury from abuse serious enough to require hospitalization in young children may be useful in the evaluation of the effectiveness of community based intervention programs and in the formation of policies for governmental and nongovernmental organizations. Providing access to information from multiple perspectives can be helpful in ensuring that program evaluators and policy makers have a broad view of the issue at hand.
